Objective: Clearance of cervical spine injury including ligamentous injury is of paramount importance as results of missed injury may have serious consequences. In obtunded patients, cervical spine clearance is challenging. This study sought to determine whether a negative 64-slice CT scan alone is sufficient to clear cervical spine injury. Patients and methods: All consecutive blunt trauma patients admitted to a regional (level 1) trauma center from 1 April 2008 to 31 March 2012 were screened for inclusion in this study. High-risk, GCS < 14, blunt trauma patients were included if they were admitted to the intensive care unit, had a negative 64-slice CT, and MRI of diagnostic quality. GCS was measured at the time of CT scan. Patients with a positive finding on CT scan were excluded. All images were reinterpreted by a trauma radiologist blinded to clinical outcome. Details of missed injuries and clinical impact were reported. The primary outcome was missed clinically significant injury, defined as any injury requiring an additional intervention including continued immobilization or surgery. Results: There were 5891 blunt trauma patients admitted to the ICU, 44 of whom met inclusion criteria. Patients had a median injury severity score of 35 and MRI three (2-9) days after CT. Eight of 44 (18%) patients had a positive finding on MRI and five of the findings were clinically insignificant. Three patients (7%) with focal neurologic findings on clinical exam had missed injuries requiring immobilization with a collar. Two of these patients had spine disease, which may have increased their injury risk. Conclusions: In high-risk obtunded blunt trauma patients admitted to the ICU, a negative 64-slice CT scan alone is insufficient to clear clinically significant cervical spine injury, with a missed clinically significant injury rate of 7%. When considered with symmetric motor function, a negative 64-slice CT scan may be sufficient. A prospective study is required to confirm these findings.
Introduction
Clearance of cervical spine (CS) injury, including ligamentous injury, is of paramount importance, as missed injuries can be devastating with the potential for significant morbidity. Clear guidelines exist for cervical spine clearance in the awake patient, [1] [2] [3] [4] [5] but in obtunded patients, CS clearance can be challenging, particularly for ligamentous injuries. Currently, computed tomography (CT) is being used in conjunction with magnetic resonance imaging (MRI), and clinical examination to clear CS injury. [1] [2] [3] [4] [5] Maintaining CS precautions until a patient has a normal clinical exam or further imaging is performed can be associated with serious complications including pressure ulcers, delirium, and pneumonia. 3 Imaging technology such as MRI has also been associated with increased false positive rates, 6 so further research is needed to identify patients who can be cleared using CT imaging alone.
Recent guidelines have been released by the Eastern Association for the Surgery of Trauma (EAST), conditionally recommending clearance of cervical spine injury in obtunded blunt trauma patients based on high-quality (axial thickness <3 mm) CT imaging alone, with an acceptable missed unstable injury rate of 0.3% and a missed stable injury rate of 9%. 7 The EAST guidelines emphasized difficulty in reaching a conclusion due to heterogeneity of the population and small sample sizes in the studies they reviewed and possible publication bias, with several case reports describing unstable injuries missed using CT alone. [8] [9] [10] This study sought to determine if a negative 64-slice CT scan alone is sufficient to clear clinically significant CS injury in high-risk obtunded (GCS < 14) blunt trauma patients admitted to the intensive care unit (ICU). If a negative 64-slice CT scan is insufficient, we sought to determine whether a negative CT combined with gross movement Â 4 would be sufficient. 5 
Patients and methods
This was a retrospective observational study performed at a regional level 1 trauma center in the province of British Columbia (BC), Canada. The Institutional Ethics Review Board approved the study.
The Provincial Trauma Registry was queried for all blunt trauma patients !16 years old who were admitted to Vancouver General Hospital (VGH) from 1 April 2008 to 31 March 2012; patients were then screened for ICU admission. Patients were included if they had a GCS < 14 at the time of CT scan. Motor findings were documented at the time of MRI. CT and MR imaging was manually screened using the imaging archive database PACS (patient archiving and communication system). Only patients with a negative 64-slice CT scan were included as it was assumed that patients with a positive CT would necessitate an MRI. Patients were excluded if they were less than 16 years old, were not admitted to the ICU, had a positive finding on CT scan, did not have a MRI, or the MRI was not of diagnostic quality. CT scans were considered positive if they demonstrated a cervical spine fracture, dislocation, subluxation, inappropriate lordosis, asymmetric widening of disc space or facet joints, retrolisthesis, or inappropriate widening at any interspinous interval. All images were re-interpreted by a trauma radiologist blinded to clinical outcome to assess for missed pathology and confirm findings.
Data was acquired from the BC Trauma Registry, PACS, and paper charts. All demographic information (Table 1) was acquired from the BC trauma registry. Details of missed injury on MRI and all high-risk features, with the exception of midline tenderness (paper chart) and toxicology screen positive (Provincial Trauma Registry) were obtained from PACS. Highrisk criteria were determined a priori and based on previous data. [11] [12] [13] Details of clinical examination were abstracted from charts. Clinical decisions based on MRI were abstracted from charts and were made in collaboration with the trauma team, spine consultation service, and neurosurgery. All patients with findings on MRI were reviewed by the Spine service. Clinically relevant injury missed on CT scan but identified using MRI was defined as any injury requiring an additional intervention including continued immobilization or surgery.
64-slice CT images were acquired using the Definition FLASH (n ¼ 41) or Sensation 64 (n ¼ 3) CT systems (Siemens Healthcare, Forchheim Germany). Axial images were obtained from the occiput to T1 with a detector configuration of 64 Â 0.625 mm. Axial, sagittal and coronal multiplanar reformats were performed with 1 mm slices. MR images were acquired using one of two 1.5T MR units (Magnetom Aera 1.5T, Siemens Healthcare, Erlangen, Germany).
Data were entered into a Microsoft Excel (Version 14.4.7, Microsoft Corporation Inc, Washington, USA) spreadsheet for analysis. Categorical variables are reported as percentages. Continuous variables are reported as medians with interquartile ranges. Highrisk criteria were compared between patients with and without clinically significant injury using the Student's t-test for continuous variables and 2 test for categorical variables. The primary outcome was the rate of missed clinically significant injury.
Results
There were 5891 blunt trauma patients admitted to the Vancouver General Hospital, of whom 694 were admitted to the ICU; 186 obtunded blunt trauma patients admitted to the ICU had a CT CS scan and CS MRI at VGH during their hospital admission. Overall, 114 (61%) patients had a positive finding on CT and were excluded meaning 72 patients had a negative scan. Negative CT and MR images were rescreened by a trauma neuroradiologist to verify diagnostic quality, CT resolution, and missed pathology. Of the 72 patients with a negative scan, six patients were excluded due to poor quality CT or MRI and five patients had a non-64 slice CT scan -44 of 61 patients with a negative 64-slice CT scan had a GCS < 14 and were included in this study ( Figure 1 ).
The 44 included patients were a median of 35 years old and 34 (77%) were males with a median injury severity score (ISS) of 35 (26-44). In total, 15 (34%) patients had a positive toxicology screen. Patients had a MRI a median of 3 (2-9) days after CT (Table 1) , stayed eight (5-12) days in the ICU and 29 (18-55) in the hospital; two patients (5%) died and 30 patients (68%) had at one or more complications during their hospital stay.
All 44 patients had at least one high-risk criterion ( Table 2) ; three of the high-risk criteria were statistically higher in patients with a clinically significant injury identified on MRI: these were focal neurologic deficit (34% vs. 100%, p ¼ 0.02), spinal stenosis (17% vs. 67%, p ¼ 0.04), and congenitally narrow spinal canal (0% vs. 33%, p < 0.001). Spine disease and degenerative bony change in general were not statistically different between the two groups.
Out of 44 patients with a negative CT scan, eight patients (18%) had a missed injury on MRI (Table 3 ) -five of the findings were clinically insignificant, but three patients (7%) had a clinically significant injury requiring immobilization with a collar, two of whom were moving all four limbs during transport. All three patients had a focal neurologic deficit on thorough clinical examination. One of these patients had a congenitally narrow spinal canal and another had spinal stenosis. None of the 17 patients with equal motor function (moving Â 4, localizing Â 4, or withdrawing Â 4) had a missed clinically significant injury on MRI (Table 1) . Complications during ICU stay are listed in Table 4 .
Discussion
This retrospective observational study was performed to determine the utility of a 64-slice CT scan alone to clear clinically significant cervical spine (CS) injury in high-risk obtunded (GCS < 14) blunt trauma patients admitted to the ICU and it has shown that the scan alone is insufficient to clear clinically significant CS injury. The combination of a negative 64-slice CT scan with symmetrical motor function may be sufficient to clear clinically significant CS injury.
Several studies have raised the issue of an acceptable missed injury rate in CS clearance. 1, 7 The EAST guidelines have proposed 0.3% as an acceptable missed unstable injury rate and a 9% missed stable injury rate. 7 This study had a missed injury rate of 18% and a missed clinically significant injury rate of 7% including one missed subtle cord contusion. One possibility is that this study had higher acuity and included a high-risk population, as evident in the higher ISS score compared to previous studies. The ISS range of the 12 studies included by EAST was 11-29, whereas the median ISS for ICU patients in this study was 35. Similarly, 10 of 12 studies included in the EAST guidelines investigated all obtunded blunt trauma patients presenting to an Emergency Department of trauma centers, compared to exclusively ICU patients in this study. 7 Therefore, it is possible that higher risk blunt trauma patients admitted to the ICU will have a higher missed injury rates than recommended by EAST and should be given special consideration. Very few studies on intubated patients admitted to ICUs have been completed and thus the applying the EAST recommendations to this population could be challenged. The EAST guidelines allude to several confounding features including abnormal clinical examination and pre-existing CS disease; however, they do not comment on their effect on missed injury rate, or whether patients meeting these criteria should have adjunct imaging or be excluded from a solely imaging-based clearance protocol. 7 In our study, the patients with missed clinically significant injury had lateralizing findings on physical exam. None of the 17 patients with symmetrical motor function had a missed injury identified on MRI. The high-risk criteria significantly higher in patients with clinically significant injury missed on CT scan were focal neurologic deficit, spinal stenosis, and congenitally narrow spinal canal (Table 2) . Interestingly, underlying spine disease and degenerative change in general were not significantly different between the two groups. It is possible that any spine disease (congenital or degenerative) that narrows the spinal canal puts patients at higher risk for clinically significant injury after blunt trauma. Further research is needed to determine the degree of degenerative change that necessitates a MRI. In a previous study comparing CT to MRI in obtunded blunt trauma patients, the only missed injury was in a patient with syringomyelia.
14 It appears that risk stratification of patients may be necessary to ensure judicious application of a universal clearance strategy.
When considering the optimal protocol to clear cervical spine injury, the benefits of early CS clearance including decreased complications and fewer MRIs must be weighed against the risks of a potential missed injury. In this study, there was a median of three days between CT and MR ( Table 1 ) and 68% of patients had at least one hospital-related complication during their stay (Table 4) . It is possible that complications including decubitus ulcer, thromboembolic events, and aspiration pneumonia could have been avoided with more expedient clearance of CS with CT and physical exam (Table 4) ; furthermore, duration of mechanical ventilation, ICU stay, and hospital stay could decrease. There are also additional costs associated with performing a MRI. One pre-post study comparing late CS clearance using clinical exam and MR as adjuncts to early CS clearance using high resolution CT alone found that duration of immobilization was four days shorter in the early clearance group and they were 67% less likely to experience a complication. 1 Two questions that remain unanswered given the retrospective nature of this study are whether the three injuries identified by MRI were unstable and whether a new neurologic deficit would have resulted if CS precautions had been discontinued. Certainly, given the abnormal clinical examination in all of these patients, it is reasonable that the care team was not comfortable with discontinuing CS immobilization. It has previously been suggested that unstable ligamentous injury requires single-level injury involving all three columns, with all other unstable injuries identifiable using CT. 7 None of the eight patients with an injury identified on MRI met this criterion; however, three of the patients still had injuries that the treating team believed to be clinically significant. A study by Tan et al. in obtunded blunt trauma patients with a lowrisk mechanism of injury found that 4 of 83 (4.8%) patients had possible central cord syndrome identified on MRI that was missed on CT scan 15 ; all four patients had an abnormal clinical examination and significant spinal stenosis. Although these patients required surgical decompression for their possible central cord syndrome, the authors commented that their injuries were not unstable. The predominant outcome reported in the EAST guidelines was missed unstable injury; however, there may be a population of patients who do not have an unstable injury who still require further investigation and intervention, such as the patient with a subtle cord contusion in this study, and the four patients with central cord syndrome in the study by Tan et al. 15 Furthermore, there is a paucity of data describing catastrophic neurologic injury resulting from premature clearance after a high quality CT scan. Future prospective research should describe the types of injuries found on MRI, both stable and unstable, clinical impact of any missed injuries, as well as any new neurologic deficits resulting from premature discontinuation of CS precautions. 7, 16 Given that none of the injuries in this study met this criterion, it is possible that these injuries were not unstable; therefore, clinical equipoise could exist regarding what constitutes an unstable injury and whether it is safe to discontinue CS precautions in light of an abnormal clinical exam. Furthermore, it would be interesting to elucidate the criteria used to determine instability and CS clearance criteria across specialties such as Critical Care, Trauma, Spine, Neurosurgery, and Radiology to determine if clinical equipoise exists regarding definition of unstable injury and management of stable injuries. Future guidelines could address any equipoise or concerns that exist to ensure dissemination and implementation into CS clearance protocols.
This study has several limitations. It was a retrospective study with a small sample size with only three patients with clinically significant injuries missed on CT scan. Similarly, it is unclear whether a catastrophic injury would have resulted if cervical spine precautions had been discontinued and no patients required operative intervention. Furthermore, a selection bias could be present based on only the highest risk ICU patients at our institution having a MRI, as opposed to MRI being standard for all ICU patients which may have resulted in a falsely elevated missed clinically significant injury rate and limit generalizability to the ICU blunt trauma population as a whole.
Conclusions
This study suggests that combining a negative 64-slice CT scan with symmetrical motor function (moving, localizing or withdrawing all four limbs) in high-risk obtunded (GCS < 14) blunt trauma patients admitted to the ICU may be sufficient to clear clinically significant CS injury. CT alone is not sufficient to clear clinically significant CS injury, even when combined with gross movement in four limbs in the ICU population. A thorough physical exam of all four extremities is necessary to rule out clinically significant injury. This study expands on the recent EAST recommendations, in part, by suggesting that patients with focal neurologic deficit and any spine disease narrowing the spinal canal may benefit from an MRI. This study is significantly limited by its retrospective nature and small sample size. Future research in ICU patients should address the impact of abnormal clinical examination and spine pathology narrowing the spinal canal on missed injury rate and clarify findings on MRI that constitute unstable, stable, and clinically significant injury. Further prospective study is necessary to corroborate these findings.
